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© An improved media axis image registration sys- 
tem for a multi-color inkjet printer/plotter (10). The 
inventive system comprises a carriage assembly 
(100) for retaining multiple inkjet cartridges (102, 
104, 106, 108) or pens. Each cartridge (102, 104, 
106, 108) has a plurality of nozzles (502, 504, 506, 
508) adapted to eject ink in response to the applica- 
tion of an electrical signal thereto. A first mechanism 
(112) is provided for moving the carriage assembly 
(100) in a first (scan) axis. A second mechanism 
(152) is provided for moving print media (30) in a 
second (media) axis transverse to the first axis. A 
position encoder (152) senses the position of the 
carriage assembly in the media axis. A control circuit 
(300) provides electrical signals which cause the 
nozzles (502, 504, 506, 508) in the inkjet cartridges 
(102, 104, 106, 108) to eject ink onto the media (30) 
and create an image thereon in the form of a test 



pattern (40) in response to timing signals. The inven- 
tive system includes a sensor module (200) which 
optically senses the image and provides a set of 
sensed signals in response thereto. The sensed sig- 
nals are sampled in accordance with position en- 
coder signals to provide corrected timing signals. In 
a particular embodiment, the test pattern (140) is 
illuminated by a light source (232) in the sensor 
module (200). The light source (230) has spectral 
energy in the color bands of interest. The test pat- 
tern (40) includes a plurality of vertically spaced bars 
which, when scanned by the sensor module (200), 
allow the module (200) to generate an output signal 
of a given frequency. The output signal is sampled 
and processed to provide the corrected timing sig- 
nals for activation of the nozzles. By detecting the 
position of the pattern (40), the misalignment of a 
particular pen may be corrected. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention: 

The present invention relates to printers and plot- 
ters More specifically, the present invention relates to 
inkjet printers and plotters having multiple pens for 
multi-color operation. . 

While the present invention is described herein with 
reference to illustrative embodiments tor particular 
applications, it should be understood that the invention 
is not limited thereto. Those having ordinary skill in the 
art and access to the teachings provided herein will rec- 
ognize additional modifications, applications, and 
embodiments within the scope of the claims and addi- 
tional fields in which the present invention would be of 
significant utility. 



Description of the Belated Art: 

Inkjet printer/plotters, such as those sold by Hewlett 
Packard Company, offer substantial improvements in 
speed over the conventional X-Y plotter. Inkjet 
printer/plotters typically include a pen having an array of 
nozzles. The pens are mounted on a carriage which is 
moved across the page in successive swaths. Each 
inkjet pen has heater circuits which, when activated, 
cause inkto be ejected from associated nozzles. As the 
pen is positioned over a given location, a jet of ink is 
ejected from the nozzle to provide a pixel of ink at a 
desired location. The mosaic of pixels thus created pro- 
vides a desired composite image. 

Inkjet technology is now well known in the art. See, 
for example, U. S. Patents Nos. 4,872.027, entitled 
PRINTER HAVING IDENTIFIABLE INTERCHANGEA- 
BLE HEADS, issued October 3, 1989, to W. A. BusWrk 
et al. and 4,965,593, entitled PRINT QUALITY OF DOT 
PRINTERS, issued October 23, 1990, to M. S. Hick- 

man. . 

Recently, full color inkjet printer/plotters have been 
developed which comprise a plurality of inkjet pens of 
diverse colors. A typical color inkjet printer/plotter has 
four inkjet pens, one that stores black ink, and three that 
store colored inks, e.g., magenta, cyan and yellow. The 
colors from the three color pens are mixed to obtain any 
particular color. 

The pens are typically mounted in stalls within an 
assembly which is mounted on the carriage of the 
printer/plotter. The carriage assembly positions the 
inkjet pens and typically holds the circuitry required for 
interface to the heater circuits in the inkjet pens. 

Full color printing and plotting requires that the 
colors from the individual pens be precisely applied to 
the media. This requires precise alignment of the car- 
riage assembly. Unfortunately, mechanical misalign- 
ment of the pens in conventional inkjet printer/plotters 



results in offsets in the x direction (in the media or paper 
axis) and in the y direction (in the scan or carriage axis). 
This misalignment of the carriage assembly manifests 
as a misregistration of the print images applied by the 
s individual pens. In addition, other misalignments may 
arise due to the speed of the carriage, the curvature of 
the platen and/or spray from the nozzles. 

One conventional approach for aligning the pens 
involves the use of optical drop detectors. This tech- 
10 nique is described and claimed in U. S. Patent No. 
4 922,270, issued May 1 , 1 990, to Cobbs et al. and enti- 
tled Inter Pen Offset Determination and Compensation 
in Multi-Pen Thermal Ink Jet Printing Systems. 

The optical drop detectors detect the position of 
is each ink drop as it leaves the pen. The system then cal- 
culates the point of impact of the drop on the print 
media Unfortunately, the actual impact point often dif- 
fers substantially from the calculated impact point due 
to angularity. Angularity results from the movement of 
20 the pen in the scan axis as ink is being ejected. That is, 
there is a delay between the time that the drop of ink is 
ejected and the time that the drop impacts the media. 
This flight time delay causes the drop to traverse an 
angular path toward the media. If not accurately calcu- 
25 lated and corrected, this would cause a distortion in the 
print image. However, inasmuch as accurate calculation 
and correction has heretofore been difficult to achieve, 
this technique has been found to be inadequate for cur- 
rent product specifications for full color printing. 
30 In another conventional approach, a test pattern is 
printed and the print image is sensed optically to deter- 
mine the degree of image misregistration. This tech- 
nique is disclosed in EP-A- 0 540 244. filed by the same 
applicant as but published after the priority date of the 
35 ' present application. However, this system is slow in that 
it required a self-calibration reference pattern for align- 
ing the sensor. 

Thus, there is a need in the art for systems and 
techniques for providing accurate image registration in 
40 multicolor, multi-pen inkjet printer/plotters. 



SUMMARY OF THE INVENTION 

The need in the art is addressed by the present 
45 invention which provides an improved media axis image 
registration system for a multi-color inkjet printer/plotter. 
The inventive system comprises a carriage assembly 
for retaining multiple inkjet cartridges or pens. Each car- 
tridge has a plurality of nozzles adapted to eject ink in 
so response to the application of an electrical signal 
thereto. A first mechanism is provided for moving the 
carriage assembly in a first (scan) axis. A second mech- 
anism is provided for moving print media in a second 
(media) axis transverse to the first axis. A position 
55 encoder senses the position of the carriage assembly in 
the media axis. A control circuit provides electrical sig- 
nals which cause the nozzles in the inkjet cartridges to 
eject ink onto the media and create an image thereon in 
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the form of a test pattern in response to timing signals. 
The test pattern has a plurality of vertically spaced bars. 
The inventive system includes a sensor module which 
optically senses the image and provides a set of sensed 
signals in response thereto. The sensed signals are 5 
sampled in accordance with position encoder signals to 
provide corrected timing signals. The sensor has a 
phase plate in optical alignment therewith. The phase 
plate includes a plurality of apertures with a vertical 
spacing equal to the spacing of the test pattern bars. 10 

In a particular embodiment, the test pattern is illu- 
minated by a light source in the sensor module. The 
light source has spectral energy in the color bands of 
interest. The test pattern bars, when scanned by the 
sensor module, allow the module to generate an output is 
signal of a given frequency. The output signal is sam- 
pled and processed to provide the corrected timing sig- 
nals for activation of the nozzles. By detecting the 
position of the pattern, the misalignment of a particular 
pen may be corrected. 2 o 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view of a thermal inkjet large 
format printer/plotter incorporating the teachings of the 25 
present invention. 

Fig. 2 is a perspective view of the carriage assem- 
bly, the carriage positioning mechanism, and the paper 
positioning mechanism of the inventive printer/plotter. 

Fig. 3 is perspective view of a simplified representa- 30 
tion of a media positioning system utilized in the inven- 
tive printer. 

Fig. 4 is a right-bottom perspective view of the car- 
riage assembly of the present invention showing the 
sensor module. 35 

Fig. 5 is a magnified view of the test pattern utilized 
to effect pen alignment in accordance with the present 
teachings. 

Fig. 6a is a right-front perspective view of the sen- 
sor module utilized in the system of the present inven- 40 
tion. 

Fig. 6b is a right-rear perspective view of the sensor 
module utilized in the system of the present invention. 

Fig. 6c shows a right-rear perspective view of the 
sensor module partially disassembled to reveal an outer 45 
housing and an inner assembly. 

Fig. 6d is a right-rear perspective view of the inner 
assembly of the sensor module of the present invention 
partially disassembled. 

Fig. 6e is a right-rear perspective view of the optical so 
component holder of the sensor module of the present 
invention disassembled. 

Fig. 7 is a schematic diagram of the optical compo- 
nents of the sensor module of the present invention. 

Fig. 8a is a top view of the phase plate of the sensor 55 
module of the present invention. 

Fig. 8b is illustrative of the carriage axis patterns of 
the test pattern utilized in alignment system of the 



present invention. 

Fig. 8c is illustrative of the media axis patterns of 
the test pattern utilized in alignment system of the 
present invention. 

Fig. 9 shows a frontal representation of first, sec- 
ond, third and fourth inkjet cartridges positioned over 
media for movement along the carriage scan axis. 

Fig. 10 is a block diagram of the electronic circuit 
utilized in the alignment system of the present invention. 

Fig. 1 1 is a graph illustrative of the outputs of the 
carriage and media position encoders. 

Fig. 12 illustrates the sample pulses generated by 
the sample pulse generator circuit of the present inven- 
tion. 

Fig. 13 illustrates the output of the sensor module of 
the present invention. 

Fig. 14 shows how the output of the sensor module 
of the present invention appears after amplification and 
filtering. 

Fig. 1 5 is a graph which illustrates how the output of 
the amplification and filtering circuit is sampled to pro- 
vide data which is input to the slave microprocessor 
controller of the invention. 

Fig. 16 is a magnified bottom view of the thermal 
inkjet nozzles of each of the pen cartridges. 

Fig. 1 7 shows offsets due to speed and the effect of 
platen curvature for a print image. 

Fig. 18 is a magnified side view of a nozzle above a 
curved platen. 

Fig. 19 is a graph of print image delay (B) versus 
carriage speed for the illustrative thermal inkjet printer 
of the present invention. 

DESCRIPTION OF THE INVENTION 

Illustrative embodiments and exemplary applica- 
tions will now be described with reference to the accom- 
panying drawings to disclose the advantageous 
teachings of the present invention. 

Fig. 1 is a perspective view of a thermal inkjet large 
format printer/plotter incorporating the teachings of the 
present invention. The printer 10 includes a housing 12 
mounted on a stand 14. The housing has left and right 
drive mechanism enclosures 16 and 18. A control panel 
20 is mounted on the right enclosure 18. A carriage 
assembly 100, illustrated in phantom under a transpar- 
ent cover 22, is adapted for reciprocal motion along a 
carriage bar 24, also shown in phantom. The position of 
the carriage assembly 100 in a horizontal or carriage 
scan axis is determined by a carriage positioning mech- 
anism 1 10 (not shown) with respect to an encoder strip 
120 (not shown) as discussed more fully below. A print 
medium 30 such as paper is positioned along a vertical 
or media axis by a media axis drive mechanism (not 
shown). As is common in the art, the media axis is 
denoted as the V axis and the scan axis is denoted as 
the y axis. 

Fig. 2 is a perspective view of the carriage assem- 
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bly 100, the carriage positioning mechanism 110 and 
the encoder strip 120. The carriage positioning mecha- 
nism 110 includes a carriage position motor 1 12 which 
has a shaft 1 14 extending therefrom through which the 
motor drives a small belt 116. Through the small belt 
116, the carriage position motor 1 12 drives an idler 122 
via the shaft 118 thereof. In turn, the idler 122 drives a 
belt 124 which is secured by a second idler 126. The 
belt 124 is attached to the carriage 100 and adapted to 
slide therethrough. 

The position of the carriage assembly in the scan 
axis is determined precisely by the use of the code strip 
120. The code strip 120 is secured by a first stanchion 
128 on one end and a second stanchion 129 on the 
other end. The code strip 120 may be implemented in 
the manner disclosed in EP-A-0 544 409, filed by the 
same applicant as the present application. As disclosed 
in the reference, an optical reader (not shown) is dis- 
posed on the carriage assembly and provides carriage 
position signals which are utilized by the invention to 
achieve optimal image registration in the manner 
described below. 

Fig. 3 is perspective view of a simplified representa- 
tion of a media positioning system 150 utilized in the 
inventive printer. The media positioning system 150 
includes a motor 1 52 which is coaxial with a media roller 
154. The position of the media roller 154 is determined 
by a media position encoder 156. The media position 
encoder includes a disc 158 having a plurality of aper- 
tures 159 therein. An optical reader 160 provides a plu- 
rality of output pulses which facilitate the determination 
of the roller 1 54 and, therefore, the position of the media 
30 as well. Position encoders are well known in the art, 
See for example, Economical, High-Performance Opti- 
cal Encoders by Howard C. Epstein et al, published in 
the Hewlett Packard Journal, October 1988, pages 99 - 
106. 

The media and carriage position information is pro- 
vided to a processor on a circuit board 1 70 disposed on 
the carriage assembly 100 (Fig. 2) for use in connection 
with pen alignment techniques of the present invention. 
(The terms pen and cartridge are used interchangeably 
herein as is common in the art.) 

Returning to Fig. 1, the printer 10 has four inlqet 
pens, 102, 104, 106, and 108 that store ink of different 
colors, e.g., black, yellow, magenta and cyan ink, 
respectively. As the carriage assembly 100 translates 
relative to the medium 30 along the x and y axes, 
selected nozzles in the thermal inlqet cartridge pens 
102, 104, 106, and 108 are activated and ink is applied 
to the medium 30. The colors from the three color inhget 
pens are mixed to obtain any other particular color. 

Fig. 4 is a right-bottom perspective view of the car- 
riage assembly 100 of the present invention showing 
the sensor module 200. The carriage assembly 100 
positions the inkjet pens and holds the circuitry required 
for interface to the heater circuits in the inkjet pens. The 
carriage assembly 100 includes a carriage 101 adapted 
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for reciprocal motion on a front slider 103 and a rear 
slider 105. A first pen cartridge 102 is mounted in a first 
stall of the carriage 101. Note that the ink jet nozzles 
107 of each pen are in line with the sensor module 200. 
5 As mentioned above, full color printing and plotting 
requires that the colors from the individual pens be pre- 
cisely applied to the media. This requires precise align- 
ment of the carriage assembly. Unfortunately, paper 
slippage, paper skew, and mechanical misalignment of 
w the pens in conventional inkjet printer/plotters results in 
offsets in the x direction (in the media or paper axis) and 
in the y direction (in the scan or carriage axis). This mis- 
alignment of the carriage assembly manifests as a mis- 
registration of the print images applied by the individual 
is pens. This is generally unacceptable as multi-color 
printing requires image registration accuracy from each 
cartridge to within 1 one-thousandths of an inch or 1 mil. 

In accordance with the present teachings and as 
discussed more fully below, a test pattern 40 is gener- 
ic ated whenever any of the cartridges are disturbed by 
activation of selected nozzles in selected pens. The test 
pattern is depicted in the magnified view of Fig. 5. The 
manner by which the test pattern 40 is generated and 
utilized to effect accurate image registration is dis- 
25 cussed more fully below. 

As depicted most clearly in Fig. 2, an optical sensor 
module 200 is mounted on the carriage assembly 200. 
Optical sensors are known in the art. See for example, 
U. S. Patent No. 5,170,047 entitled Optical Sensor for 
30 Plotter Pen Verification, issued December 8, 1992 to 
Beauchamp et al., the teachings of which are incorpo- 
rated herein by reference. 

The sensor module 200 optically senses the test 
pattern and provides electrical signals to the processor 
35 on the circuit board 170 indicative of the registration of 
the images thereon. 

Fig. 6a is a right-front perspective view of the sen- 
sor module 200 utilized in the system of the present 
invention. The sensor module 200 includes an outer 
40 housing 210 with two protrusions 21 2 and 21 4 adapted 
to receive first and second mounting screws. The outer 
housing 210 provides electrostatic discharge (ESD) 
protection for the module 200. 

Fig. 6b is a right-rear perspective view of the sensor 
45 module 200. 

Fig. 6c shows a right-rear perspective view of the 
sensor module partially disassembled to reveal the 
outer housing 210 and an inner assembly 220. The 
inner assembly 220 is adapted to be retained within the 
so outer housing 210. A flexible circuit 216 is disposed on 
the inner housing 220. The flexible circuit 216 includes 
an amplifier and contacts for interfacing the sensor 
module to ttr processor circuit as discussed more fully 
below. 

55 Fig. 6d is a right-rear perspective view of the inner 
assembly 220 of the sensor module 200 of the present 
invention partially disassembled. As illustrated in Fig. 
6d, the inner assembly includes an optical component 
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holder 222 and a cover 224. 

Fig. 6e is a right-rear perspective view of the optical 
component holder of the sensor module of the present 
invention disassembled. As illustrated in Fig. 6e, the 
optical component holder 222 is adapted to hold first s 
and second lenses 226 and 228 in a fixed position rela- 
tive to a phase plate 230. Returning to Fig. 6d t first and 
second light emitting diodes (LEDs) 232 and 234 are 
mounted on the flexible circuit 240 along with a photo- 
detector 240 and amplifier and other circuit elements 10 
(not shown). The light emitting diodes and the photode- 
tector are of conventional design and have a bandwidth 
which encompasses the frequencies of the colors of the 
inks provided by the pens 102 - 108 (even numbers 
only). The LEDs 232 and 234 are retained at an angle is 
by first and second apertures 236 and 238, respectively, 
in the cover 224 of the holder 222. The cover 224 is 
secured to the holder 222 by first and second screws 
231 and 233 which extend through first and second 
apertures 235 and 236, respectively, in the cover 224 20 
and which are received by threads (not shown) in the 
holder 222. 

The functional relationships of the components of 
the sensor module are illustrated in the schematic dia- 
gram of Fig. 7. Light energy from the LEDs 232 and 234 25 
impinges upon the test pattern 40 on the media 30 and 
is reflected to the photodetector 240 via the first and 
second lenses 226 and 228, respectively, and the phase 
plate 230. The lenses 226 and 228 focus energy on 
photodetector 240 via the phase plate 230. The phase 30 
plate 230 is a symmetrical grating constructed of plastic 
or other suitably opaque material. 

Fig. 8a is a top view of the phase plate 230. A sym- 
metrical array of transparent openings 242 are provided 
in the opaque material. In accordance with the present 35 
teachings, as illustrated in Fig. 8b, the line widths in the 
test pattern 40 for the carriage axis patterns 404 and 
406 of Fig. 5 are equal to the horizontal spacings 
between the transparent openings 242 in the phase 
plate 230. Likewise, as illustrated in Fig. 8c, the line 40 
widths in the test pattern 40 in the media axis patterns 
408 of Fig. 5 are equal to the vertical spacings between 
the transparent openings 242 in the phase plate 230. 
The use of the phase plate 230 permits a simple, inex- 
pensive optical arrangement to be used to quickly scan 45 
the pattern in each direction of movement. 

As the sensor module 200 scans the test pattern 40 
in either the carriage scan axis or the media scan axis, 
an output signal is provided which varies as a sine 
wave. As discussed more fully below, the circuitry of the so 
present invention stores these signals and examines 
the phase relationships thereof to determine the align- 
ment of the pens for each direction of movement. The 
alignment procedure of the present invention by which 
the system corrects for carriage axis misalignment, 55 
paper axis misalignment and offsets due to speed and 
curvature will now be disclosed. 

As a first step in the alignment procedure, the test 



pattern 40 of Fig. 5 is generated. The first pattern 402 is 
generated in the scan axis for the purpose of exercising 
the pens 102 - 108 (even numbers only). The first pat- 
tern 402 includes one segment for each cartridge uti- 
lized. For example, the first segment 410 is yellow, the 
second segment 412 is cyan, the third segment 416 is 
magenta and the fourth segment 418 is black. 

Next, the second, third and fourth patterns 404, 406 
and 408, respectively, are generated. The second pat- 
tern 404 is used to test for pen offsets due to speed and 
curvature. The third pattern 406 is used to test for mis- 
alignments in the carriage scan axis. The fourth pat- 
terns 408 are used to test for misalignments in the 
media axis. The invention is best understood with refer- 
ence to the carriage and media scan axis alignment 
techniques thereof. 

Correction for Pen Offsets in the Carriage (Scan) 
Axis 

The carriage scan axis alignment pattern 406 is 
generated by causing each pen to print a plurality of 
horizontally spaced vertical bars. As mentioned above, 
the thickness of the bars is equal to the spacing there- 
between which is also equal to the width of the transpar- 
ent openings in the phase plate 230 and the spacings 
therebetween. In the third pattern 406 the first segment 
420 cyan, the second segment 422 is magenta, the third 
segment 424 is yellow and the fourth segment 426 is 
black. 

Pen misalignments in the carriage scan axis are 
illustrated in Fig. 9 which shows a frontal representation 
of the first, second, third and fourth inlqet cartridges 
102, 104, 106 and 108 positioned a height 'h' over the 
media 30 for movement along the carriage scan axis. As 
is known in the art, the distances D12, D23, and D34 
between the cartridges vary because of the mechanical 
tolerances and imperfections in the manufacturing of 
the device. This results in undesired displacements in 
the placement of the ink drops of one cartridge with 
respect to another cartridge. 

Pen misalignments in the carriage scan axis are 
corrected by scanning the third pattern 406 along the 
carriage scan axis with the sensor module 200. As the 
sensor module 200 illuminates the third pattern 406, the 
lenses 226 and 228 thereof (Fig. 6e) focus an image on 
the phase plate 230 and the photodetector 240. In 
response, the photodetector 240 generates a sinusoidal 
output signal which is the mathematical convolution of 
the phase plate pattern and the test pattern 406. 

Fig. 10 is a block diagram of the electronic circuit 
300 utilized in the alignment system of the present 
invention. The circuit 300 includes an amplification and 
filtering circuit 302, an analog to digital converter 304, a 
slave microprocessor controller 306, a sample pulse 
generator circuit 308, a carriage position encoder 310, a 
media position encoder 312, a master control and data 
processing unit 314, a carriage and media axis servo- 
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control mechanism 316, a digital to analog converter 
318 and a light control circuit 320. The electrical signals 
from the sensor module 200 are amplified, filtered and 
sampled by the slave microprocessor 306. The carriage 
position encoder 310 provides sample pulses as the 
carriage assembly 100 moves along the encoder strip 
120 of Figs. 1 and 2. A sample pulse generator circuit 
308 selects pulses from the carriage position encoder 
310 or the media position encoder 312 depending on 
the test being performed. 

Fig. 1 1 is a graph illustrative of the quadrature out- 
puts of the carriage and media position encoders. 

Fig. 12 illustrates the sample pulses generated by 
the sample pulse generator circuit 308. The slave micro- 
processor 306 uses the sample pulses to generate 
sample control signals for the analog-to-digital con- 
verter 304. On receipt of a sample control pulse, the 
analog-to<ligital converter 304 samples the output of 
the amplification and filter circuit 302. 

This is illustrated in Figs. 13, 14 and 15. The output 
of the sensor module 200 is illustrated in Fig. 13. Fig. 14 
shows how the output of the sensor module 200 
appears after amplification and filtering. Fig. 15 is a 
graph which illustrates how the output of the amplifica- 
tion and filtering circuit 302 is sampled to provide data 
which is input to the slave microprocessor controller 
306. The digitized samples are stored in memory for 
each direction of movement in the slave microprocessor 
controller 306. The master control and data processing 
unit 31 4 mathematically fits a reference sine wave to the 
sample points stored in memory, using a least squares 
fit algorithm or other suitable conventional algorithm, 
and computes a phase difference between the refer- 
ence sine wave and the sensed sine wave. The location 
of the phase difference provides an indication as to 
which cartridge is out of alignment. The polarity of the 
phase difference indicates the direction of misalignment 
and the magnitude of the phase difference indicates the 
magnitude of the misalignment. Offsets for each car- 
tridge are generated by the master control and data 
processing unit which are stored in the machine. These 
offsets are used to control activation of the pens as the 
assembly is scanned in the carriage axis via the servo 
mechanisms 316. Sensor module light activation is pro- 
vided by the slave microprocessor controller 306, a dig- 
ital-to-analog converter 318 and a light control circuit 
320. 

Correction of Offsets Due to Speed and Curvature 

Other corrections which must be made in the car- 
riage scan axis are for 1 ) image displacement due to the 
velocity of the carriage and 2) image displacements due 
to curvature of the platen. 

Fig. 16 is a magnified bottom view of the thermal 
inkjet nozzles of each of the pen cartridges 102, 104, 
106 and 108, respectively. Typically, only 96 of the 104 
nozzles (e.g., nozzles numbered 5-100) are used for 



printing. The remaining eight nozzles are used for offset 
adjustment as discussed more fully below. 

As the printheads move in forward and reverse 
directions at a height h above the media 30, as depicted 
5 in Fig. 9, the images created by the nozzles deviate 
from ideal as shown in Fig. 17. Fig. 17 shows offsets 
due to speed and the effect of platen curvature for a 
print image. At a higher speed V 2 , a greater offset from 
ideal results. 

w When the media is supported by a curved platen, 
such as that shown at 154 in Fig. 3, a height differential 
A, as illustrated in Fig. 18, exists. Fig. 18 is a magnified 
side view of a nozzle 102 above a curved platen 154. 
The variation in height due to curvature of the platen 

15 increases the delay time for the ink to reach the media. 
This manifests as curvature in the line as illustrated at 
(d) in Fig. 1 7 where the dashed line represents the ideal 
image shape and location. 

The present invention corrects for offsets due to 

20 speed and curvature as discussed below. Offsets due to 
speed are corrected first by printing images from a sin- 
gle cartridge (e.g., the black cartridge 102) at three dif- 
ferent speeds in a each direction. This is illustrated at 
430 - 440 (even numbers only) in the bidirectional pat- 

25 tern 404 of the test pattern 40 of Fig. 5. The bidirectional 
pattern 404 is generated by causing each pen to print a 
plurality of horizontally spaced vertical bars. As men- 
tioned above, the thickness of the bars is equal to the 
spacing therebetween which is also equal to the width 

30 of the transparent openings in the phase plate 230 and 
the spacings therebetween. 

First the first section 430 is printed at the lowest 
speed, e.g., 13.33 inches per second (ips) from right to 
left. Next, the second section 432 is printed at the same 

35 speed from left to right. Then the third section 432 is 
printed at the next highest speed (16.67 ips) from right 
to left and the fourth section 436 is printed from left to 
right at the same speed. Finally, at the highest speed, 
e.g., 26.67 ips, the fourth section 438 is printed from 

40 right to left and then the sixth section 440 is printed from 
left to right at the that speed. 

Next, the pattern 404 is scanned and a phase for 
each section is determined in the manner described 
above. The measured phase difference between sec- 

45 tions allows for a correction due to speed as illustrated 
in Fig. 17(e). 

To correct for offsets in the scan axis, for a given 
speed, the difference in the phases between sections of 
the pattern associated with the two directions of travel is 

so calculated and translated to a time of flight delay value 
B. The delay B for each speed is used to determine a 
least squares fit line 510 therebetween. This is illus- 
trated in the graph of delay versus speed of Fig. 1 9. This 
least squares fit calculation results in the slope of the 

55 line 'm' and the B axis intercept 'B 0 '. In equation form: 

B = mV c + B 0 [1] 



11 



EP0 622 



236 B1 



12 



where m is the slope. V c is the speed or velocity, and B 0 
is a constant which represents the B axis intercept. For 
a given speed, V C( knowledge of the slope m and the 
constant B 0 allows for a calculation of the delay B 
required to correct for the offset. Correction for curva- 5 
ture is effected by adding an additional delay (e.g. 25% 
or 1.25 x B). As illustrated in Fig. 17(f), this has the 
effect of joining the curved tails of the segments to cre- 
ate an image in which the curvature is less discernible 
to the naked eye of the casual observer. 10 

Correction of Pen Offsets in the Media Axis and 
Between Pens 



Ideally, 

phases of tl . r -r- 

slippage or "walk" within one pen over a given distance 
may be detected and corrected in the manner described 
below. 

Image registration between colors is calculated in 
the manner set forth below: 



20 



25 



Another source of image misregistration derives is 
from paper slippage on the roller or platen 154. In 
accordance with the present teachings, correction for 
paper or media slippage is effected by first printing the 
media axis test pattern 408 of the test pattern 40 of Fig. 
5. As mentioned above, the thickness of the bars is 
equal to the spacing therebetween which is also equal 
to the width of the transparent openings in the phase 
plate 230 and the spacings therebetween. The pattern 
408 includes five columns of vertically spaced horizon- 
tal bars 1 - 5. Each column has three rows segments 1 
- 3. The first row in each column is created by scanning 
the carriage assembly 100 in the carriage axis and 
causing one cartridge (e.g., the cartridge containing 
cyan ink) to print. Thus, each column has a first row of 
cyan colored bars. In the second row, a different colored 30 
cartridge is activated in each column with the exception 
that the cyan cartridge 108 is activated in the second 
row of the first and fifth columns. Finally, the cyan car- 
tridge is activated for the third row of each column in the 
pattern 408. 35 

Media axis pen alignment is effected by scanning 
the pattern 408 with the sensor module 200 along the 
media axis, column by column and calculating phase 
data Pjj, in the manner described above, where i 
denotes the row and j denotes the column. The phase 40 
data is stored in a matrix as shown below: 





-P11 • 


■■Pis 






p 21 . 


■ P25 


PI 45 




.p 31 - 


-P35. 




Pn = 


P31 ■ 


Thus, 


by comparing the 



55 



P m/c = (P 2 2-Pl2)-1/2(P 32 -P 12 ) 



[3] 



Py/c = (P 2 3-Pl3)- Was -P 13) W 
P k,c = (P 2 4-Pl4)- W34-P14) [5] 

where: 

Pm/c represents pen offset in the media axis 
between the cyan pen 108 and the magenta pen 
106, 

Py/c represents pen offset in the media axis 
between the cyan pen 108 and the yellow pen 104, 
and 

Pk/c represents pen offset in the media axis 
between the cyan pen 108 and the black pen 102. 

The pen offsets in the media axis between pens are 
corrected by selecting certain nozzles for activation. In 
Fig. 1 6. for example, initially nozzies 5 through 100 may 
be activated for all pens. As a result of the phase differ- 
ence calculations, it may be necessary to activate noz- 
zles 3 - 98 of the second pen 104, nozzles 1 - 96 of the 
third pen 106 and nozzles 7 through 102 of the fourth 
pen 108. This selective nozzle activation scheme has 
the effect of offsetting the images produced by the pen 
in the media axis. 

TTius, the present invention has been described 
herein with reference to a particular embodiment for a 
particular application. Those having ordinary skill in the 
art and access to the present teachings will recognize 
additional modifications applications and embodiments 
within the scope thereof. 

It is therefore intended by the appended claims to 
cover any and all such applications, modifications and 
embodiments within the scope of the present invention. 

Claims 

1. A media axis image registration system for a multi- 
colour inkjet printer/plotter (10) comprising a car- 
riage assembly (100) for retaining multiple inlqet 
cartridges (102, 104, 106, 108), each cartridge hav- 
ing a plurality of nozzles (502, 504, 506, 508) 
adapted to eject ink in response to the application 
of an electrical signal thereto; a first mechanism 
(112) for moving the carriage assembly (100) in a 
first axis; a second mechanism (152) for moving 
print media (30) in a second axis transverse to the 
first axis, the first axis being a scan axis and the 
second axis being a media axis; a position encoder 
(156, 312) for sensing the position of the carriage 
assembly (100) in the second axis and providing 
position encoder signals in response thereto; a con- 
trol circuit (300) for providing electrical signals for 
causing the nozzles in the inkjet cartridges to eject 
ink onto the media (30) and create a test pattern 
(408) thereon in response to timing signals, the test 
pattern having a plurality of vertically spaced bars 
therein; a sensor (200) for optically detecting 
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energy reflected from the test pattern and providing 
a set of sensed signals in response thereto; and a 
processor (170) for sampling the sensed signals in 
response to the position encoder signals and pro- 
viding corrected timing signals in response thereto; 5 
wherein the sensor (200) has a phase plate (230) in 
optical alignment therewith and including a plurality 
of apertures with a vertical spacing which is equal 
to the spacing of the bars in the test pattern. 

2. The system of Claim 1 , wherein the sensor (200) 
includes a light source (232) for illuminating the test 
pattern (40). 

3. The system of Claim 1 or 2, wherein the processor 
(170) is programmed to determine the frequency of 
the signal detected by the photodetector (240) and 
provides a signal in response thereto. 



die Positionscodierersignale und zum Bereitstellen 
korrigierter Zeitgebungssignale als Antwort auf die- 
selben; 

wobei der Sensor (200) eine Phasenplatte (230) 
aufweist, die mrtdemselben optisch ausgerichtet ist 
und eine Mehrzahl von Offnungen mit einer vertika- 
len Beabstandung umfaBt, die gleich der Beabstan- 
dung der Balken in dem Testmuster ist. 

2. Das System gemaB Anspruch 1 , bei dem der Sen- 
sor (200) eine Lichtquelle (232) zum Beleuchten 
des Testmusters (40) umfaBt. 

3. Das System gemaB Anspruch 1 Oder 2, bei dem die 
Verarbeitungseinrichtung (170) programmiert ist, 
urn die Frequenz des Signals zu bestimmen, das 
durch den Photodetektor (240) erfaBt wird, und als 
Antwort auf dieselbe ein Signal bereitstellt. 
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4. The system of Claim 3, wherein the processor (1 70) 20 4. Das System gemaB Anspruch 3, bei dem die Verar- 

is programmed to compare the frequency of the beitungseinrichtung (170) programmiert ist, urn die 

detected signal to a spatial frequency of the test Frequenz des erfaBten Signals mit einer raumli- 

pattern (40) and provides the corrected timing sig- chen Frequenz des Testmuster (40) zu vergleichen, 

nals in response thereto. und die korrigierten Zeitgebungssignale als Antwort 

25 auf dieselbe bereitstellt. 

Patentanspruche 

Revendications 

1. Ein Medienachsenbildausrichtungssystem fur 

einen Mehrfarbtintenstrahldrucker/Plotter (10) mit 1. Systeme perfectionn§ de rep6rage des images 

folgenden Merkmalen: einer Wagenanordnung 30 selon I'axe du support pour une imprimante/traceur 

(100) zum Halten mehrerer Tintenstrahikassetten k jet d'encre polychrome (10) comprenant un 

(102, 104, 106, 108), wobei jede Kassette eine ensemble chariot (100) destin6 k porter des cartou- 

Mehrzahl von Dusen (502, 504, 506, 508) aufweist, ches k jet d'encre multiples (102, 104, 106, 108), 

die angepaBtsind, urn als Antwort auf das Anlegen chaque cartouche poss6dant une plurality de 

eines elektrischen Signals an dieselben Tinte aus- 35 buses (502, 504, 506, 508) adapt6es pour 6jecter 

zuwerfen; einer ersten Vorrichtung (112) zum de I'encre en r6ponse k Implication d'un signal 

Bewegen der Wagenanordnung (100) in einer Glectrique a ces buses ; un premier m§canisme 

ersten Achse; einer zweiten Vorrichtung (1 52) zum (1 1 2) pr6vu pour d6placer I'ensemble chariot (1 00) 

Bewegen von Druckmedien (30) in einer zweiten selon un premier axe ; un deuxteme m6canisme 

Achse quer zu der ersten Achse, wobei die erste 40 (152) pr6vu pour d6placer le support d'impression 

Achse eine Abtastachse und die zweite Achse eine (30) selon un deuxteme axe transversal au premier 

Medienachse ist; einem Positionscodierer (156, axe, le premier axe 6tant un axe de balayage et le 

312) zum Erfassen der Position der Wagenanord- deuxteme axe 6tant un axe de support ; un codeur 

nung (100) in der zweiten Achse und zum Bereit- de position (156, 312) prSvu pour capter la position 

stellen von Positionscodierersignalen als Antwort 45 de I'ensemble chariot (100) selon le deuxteme axe 

auf dieselbe; einer Steuerschaltung (300) zum et qui 6met des signaux de codeur de position en 

Bereitstellen elektrischer Signale, urn zu bewirken, r6ponse k cette action ; un circuit de commande 

daB die Dusen in den Tintenstrahikassetten Tinte (300) pr6vu pour 6mettre des signaux 6lectriques 

auf die Medien (30) auswerfen und als Antwort auf destines k amener les buses des cartouches k jet 

Zeitgebungssignale ein Testmuster (408) auf den- so d'encre k 6jecter de I'encre sur le support (30) et k 

selben erzeugen, wobei das Testmuster eine Mehr- cr6er un dessin test (408) sur ce dernier en 

zahl von vertikal beabstandeten Balken in r6ponse k des signaux de synchronisation, le des- 

demselben aufweist; einem Sensor (20) zum opti- sin test comprenant une plurality de barres espa- 

schen Erfassen von Energie, die von dem Testmu- c6es verticalement ; un capteur (200) pr6vu pour 

ster reflektiert wird, und zum Bereitstellen eines 55 capter optiquement l'6nergie r§fl6chie par le dessin 

Satzes von erfaBten Signalen als Antwort auf die- test et qui fournit un jeu de signaux capt6s en 

selbe; und einer Verarbeitungseinrichtung (170) r6ponse k cette action ; et un processeur (170) 

zum Abtasten der erfaBten Signale als Antwort auf pr6vu pour 6chantillonner les signaux capt6s en 
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r6ponse aux signaux du codeur de position et qui 
fournit des signaux de synchronisation corrig§s en 
r6ponse k cette action ; 

dans lequel le capteur (200) possfcde une plaque 
de phase (230) plac6e dans son alignement opti- 5 
que et comprenant une plurality d'ouvertures s6pa- 
r6es par un espacement vertical qui est 6gal k 
Tespacement des barres du dessin test. 

Systeme selon la revendication 1, dans lequel le w 
capteur (200) comprend une source de lumtere 
(232) servant k 6clairer le dessin test (40). 

Systeme selon la revendication 1 ou 2, dans lequel 
le processeur (170) est programm6 pour d6termi- is 
ner la frequence du signal d6tect6 par le photod6- 
tecteur (240) et fournit un signal en r^ponse k cette 
action. 

Systeme selon la revendication 3, dans lequel le 20 
processeur (170) est programme pour comparer la 
frequence du signal d6tect6 k une frequence spa- 
tiale du dessin test (40) et fournit les signaux de 
synchronisation corrig6s en r6ponse k cette action. 



55 



EP 0 622 236 B1 




FIG I 



EP 0 622 236 B1 




EP 0 622 236 B1 



120 FIG. 3 




EP 0 622 236 B1 




234 



FIG. 6d 



EP 0 622 236 B1 




EP 0 622 236 B1 



FIG. 6e 




EP 0 622 236 B1 




DI2 
108 



023 



106 



D34 



104 

-h- 



102 FIG. 9 



CARRIAGE 
AXIS 



EP 0 622 236 B1 



FIG. 11 



PHASE 
1 



PHASE 
2 



^ H 



I — +5V 

— ov 

— +5V 

— OV 



H V 



posmoN 



FIG. 12 



SAMPLE PULSES 



PHASE I 



PHASE 2 



+5V 



POSITION 
1UADATVRE 
SIGNALS 



TIME (MOCROSECONDS) 



EP 0 622 236 B1 



FIG. 13 



VOLTS 




TIME IN SECONDS 
POSITION 



FIG. 1 4 



1.25 
VOLTS 




TIME IN SECONDS 
POSITION 




fa 



EP0 622 236B1 



5\l 



\ 



ooooooo*-*ooooo 



ooooooo-**ooooo 



s>3 



ooooooo*»«ooooo 



ooooooo-«»ooooo 



ooooooo-«*ooooo 



CO cfc S 

gel 

Co 



I 85 



s Z — Z_ s 



ooooooo»»«ooooo 



I 



0000000 



0000*0 



0000000 



• •00000 



5cS 



1^ ~ 



CS| ^ 



K 



